Objective: The aim of this study was to examine the relationship between menopausal transition status and self-reported sleep difficulty.
S leep difficulty is a common problem for women during midlife. Approximately 40% of women between ages 40 and 64 years in the United Kingdom, 1 Australia, 2 and the United States 3,4 report difficulty with sleep. Understanding the nature of this symptom is complicated by the dynamic features of both sleep disturbance and potential correlates of sleep. It is not clear whether midlife is a period of increased onset of new sleep problems or whether most problems during these years reflect an exacerbation of existing symptoms. 5 Midlife is a period of the convergence of multiple risk factors concerning menopause, overall health, and stress that may influence sleep.
Evidence concerning the relationship between the menopausal transition and sleep has been mixed. The menopausal transition, as indicated through hormonal levels 7<9 or characteristics of menstruation, 3, 8 has been shown to be related to sleep disturbance. However, some studies have not identified this relationship between characteristics of menstruation and sleep disturbance. 9<11 Other concurrent factors that may be chronic or acute may also play a role in sleep. For example, psychological distress and life stress 3, 6, 7, 9, 12, 13 have been shown consistently to be related to poor sleep during the menopausal transition. From a management perspective, it is important to understand whether sleep difficulty during midlife is related to the menopausal transition, these other risk factors, 14 or other age-related changes.
Evaluation of these complexities of sleep at midlife requires longitudinal data that begin earlier in adulthood and include multiple risk factors. Most studies evaluating selfreported sleep during the menopausal transition have been cross-sectional 4, 15 or had a limited sample size. 6, 10 One central consequence of these study characteristics is the limited ability to distinguish age and menopause effects. Two recent large, longitudinal American studies 8, 9 have not been subject to these drawbacks, but no similar analysis has been carried out among a British sample. Previous studies have not included risk factors for sleep difficulty from earlier in life, which could indicate longitudinal patterns in propensities for sleep disturbance and related health characteristics before menopause. The Medical Research Council National Survey of Health and Development (NSHD) provides the opportunity to consider risk factors from earlier adult life and from the present to study sleep during the menopausal transition. Analysis of this cohort has shown that psychological and physical health symptoms at age 43 years were related to duration of poor sleep during the menopausal transition, 16 suggesting the importance of examining sleep longitudinally. Longitudinal analysis of the cohort is required to validate previous cross-sectional analysis that showed an increase is trouble sleeping during the menopausal transition. 17 With the use of longitudinal and repeat data from a nationally representative British cohort study, the purpose of this study was to examine the relationship between the menopausal transition and self-reported sleep difficulty. To isolate the associations between menopausal transition status and sleep from other concurrent and longitudinal risk factors, the study also accounts for age; current somatic, vasomotor, and psychological symptoms; and prior measures of socioeconomic status, physical and mental health, health behaviors, and history of trouble sleeping.
METHODS

Study population
The NSHD is a social-class stratified, random sample of singleton births in England, Scotland, and Wales during 1 week in March 1946. Data have been collected on the 2,547 women and 2,815 men in the cohort more than 20 times since birth. Women study members responded to annual postal questionnaires between ages 47 and 54 years. The analysis uses data collected on trouble sleeping; vasomotor, somatic, and psychological symptoms; waking at night to use the toilet, and life stress from ages 48 to 54 years. Menopausal transition status from ages 48 to 54 years required information on menopause status from ages 47 to 54 years because the assessment of menopausal transition status at age x requires menopause status at age x and age x j 1. The analysis period is from ages 48 to 54 years, and measurement of a variable at each age is referred to as Bannual[ in the remainder of the text. Trained nurses collected information on sociodemographic characteristics, history of sleep trouble, physical and psychological health, and health behavior at home visits at ages 26, 43, and 53 years. Among the 1,778 eligible women study members, 1,572 participated in at least one wave between ages 47 to 54 years. Ethical approval for this study was given by the North Thames Multicentre Research Committee.
Outcome: annual self-reported sleep difficulty
Women were asked whether they experienced trouble sleeping in the previous 12 months and, if so, how much this symptom bothered them. Women who reported being bothered by trouble sleeping a lot (the Bsevere[ group) or a little (the Bmoderate[ group) were compared with those who reported no trouble or had not been bothered (the Bnone[ group).
Definition of annual menopausal transition status
Menopausal status was based on self-reported menstrual bleeding. Status categories used were postmenopausal (no reported menstrual bleeding in the past 12 mo), perimenopausal (bleeding in the past 12 mo but not 3 mo or decreased regularity compared with the previous year), premenopausal (bleeding in the past 3 mo and with the same or increased regularity as in the past year), hysterectomy, and initiation of hormone therapy (HT) before the final menstrual period. Transition categories between consecutive years were defined as the following: pre-pre (remained premenopausal), pre-peri (became perimenopausal), pre/peri-post (from premenopausal or perimenopausal to postmenopausal), peri-peri (remained perimenopausal), post-post (remained postmenopausal), pre/ peri-HT (initiation of HT while premenopausal or perimenopausal), HT-HT (used HT for at least 1 y), and pre/peri/ hyst-hyst (premenopausal or perimenopausal and then had a hysterectomy with or without bilateral oophorectomy or had a hysterectomy with or without bilateral oophorectomy for at least 1 year and not using HT).
Potential confounding or mediating variables
The following groups of potential confounders/mediators were included in the analyses because they were hypothesized to be associated with trouble sleeping and/or with aspects of women's health at midlife: age, 1 vasomotor symptoms, 7, 18, 19 nighttime awakening to use the toilet, 19 history of trouble sleeping, 20 life stress, 21 adult sociodemographic factors, 18 physical health and somatic symptoms, 4, 11, 18, 22, 23 psychological symptoms, 3, 4, 7 and health behavior. 4, 8, 18 Annual vasomotor and somatic symptoms and nighttime awakening to use the toilet Vasomotor symptoms were represented by a binary indicator for whether the respondent was bothered at all by either night sweats or hot flashes. 17 Somatic symptoms were measured as a cumulative score (range, 0-24) based on eight symptoms such as headache, pain, and dizziness, as described elsewhere. 17 The score was categorized into approximate quarters for analysis. The variable Bwaking at night to use the toilet[ referred to whether the respondent woke up, on average, at least twice a night. These three variables were assessed annually.
Annual psychological symptoms and life stress
Women were asked about symptoms of anxiety or depression, irritability, tearfulness, feelings of panic, or forgetfulness in the previous 12 months. The grouping of these psychological symptoms was based on a previous factor analysis on 20 symptoms at age 47 years. 17 Responses were coded as Bhave not had this symptom[ (0), Bhave had this symptom but it didn't bother me[ (1), Bhave had this symptom and it bothered me a little[ (2), and Bhave had this symptom and it bothered me a lot[ (3). At each age, scores for psychological symptom responses across these five symptoms (range, 0-15) were summed. Individual sums of scores were categorized into quarters based on the distribution of the average scores over all available waves. Work stress and family stress refer to the number of difficulties that the study member experienced in each category and have been described elsewhere. 24 These two scales were used separately in the analysis.
Sociodemographic factors at ages 26, 43, and 53 years
Educational level by age 26 years was categorized as no qualifications, up to ordinary secondary qualifications (BO[ levels, usually attained at 16 y, and their training equivalents), or advanced secondary qualifications (BA[ levels, usually attained at 18 y, or degree level and their equivalents). Marital status at age 43 years was classified as married or not married. Number of children at age 53 years was categorized as no children, one, two, three, and four or more children.
Health and history of trouble sleeping at age 43 years
The Psychiatric Symptom Frequency Scale was used to assess symptoms relating to anxiety and depression. 25 The scale measures the frequency of symptoms in the past year according to 25 questions. The Psychiatric Symptom Frequency Scale score was categorized into approximate quarters for analysis. Respondents indicated physical health conditions for which they had seen medical professionals in the past year from a list of 27 conditions including heart disease, diabetes, and severe headaches or migraine. The number of prescriptions used for the same list of conditions was also enumerated as an indicator of severity of health conditions. History of trouble sleeping status indicated whether the respondent reported ever experiencing trouble sleeping or trouble getting off to sleep or waking up and not being able to get back to sleep for a spell of a minimum of up to 4 months, once or twice a week, or 3 to 10 times a month. This variable is included in the analysis to examine if women's experiences of sleep difficulty during the menopausal transition are independent of a propensity for sleep disturbance.
Health behaviors at age 43 years
Exercise status was categorized as inactive, participated in vigorous activities once a week or less, or participated in vigorous activities more than once a week. 26 Cigarette smoking status was dichotomized as ever smoker or nonsmoker. Body mass index (weight in kilograms/height in meters squared) was categorized as less than 20 to 24.9 kg/m 2 , 25 to 29.9 kg/m 2 , and 30 kg/m 2 or greater. Alcohol consumption referred to an average of 0 drinks per day (abstainers), 0.1 to 1.0 drinks per day (very light drinkers), 1.1 to 2.0 drinks per day (light drinkers), 2.1 to 4.0 drinks per day (moderate drinkers), and more than 4.1 drinks per day (heavy drinkers); the last two groups were combined because of the small number of respondents in each category. 27 
Statistical analysis
Analyses compared women in two separate groupings: women with severe trouble sleeping versus women with no trouble sleeping and, separately, women with moderate trouble sleeping versus women with no trouble sleeping. Women who reported moderate difficulty in some years and severe difficulty in other years were assigned to the comparison appropriate to the given year. For example, a woman who reported severe sleep difficulty at age 49 years and moderate sleep difficulty at age 50 years would be analyzed in the comparison Bsevere versus none[ at age 49 years and in the other comparison Bmoderate versus none[ at age 50 years. Because a woman contributed to both models in a given year if she reported no sleep difficulty but only a single model if she reported moderate or severe sleep difficulty, the sample size for each model across years was smaller than the full analysis sample size (n = 962). Generalized estimating equations (GEEs) were used to examine relationships between menopausal transition status and sleep difficulty. This method accounts for the correlation of repeated outcome measures from the same study participants. The first stage of analysis examined the age-adjusted relationships between each risk factor and trouble sleeping for each outcome grouping (eg, moderate vs none and severe vs none). In this stage, a separate age-adjusted model was run per exposure variable, and a model including only age was also run. Variables for menopausal transition status; psychological, somatic, and vasomotor symptoms; waking to use the toilet at night; and work-related and family-related stress were all treated as time-dependent covariates in the GEEs. To test the statistical significance of age-adjusted relationships for menopausal transition status, a test of heterogeneity was used. For all other categorical variables, a linear test of trend was carried out, and a Wald test was performed for binary variables. Variables that were associated with severe or moderate trouble sleeping at the 0.05 level (for at least one category for categorical variables) were further retained in the respective analyses.
In the second stage of analysis, a series of three GEEs for each outcome grouping were then performed that included variables in hypothesized order of importance. Immediate/ concurrent variables were hypothesized to have the most relevant impact and were therefore included in the first adjustment. Then, the models adjusted for life stress and variables from age 43 years. The primary influence of these variables was hypothesized to operate through current symptoms. The order of inclusion of specific variables was the following: first, age; second, current vasomotor, somatic, and psychological symptoms and waking up at night to use the toilet; and third, life stress and sociodemographic characteristics, history of trouble sleeping, physical and mental health status at age 43 years, and health behaviors at age 43 years. The GEEs were performed in Stata version 10 using the command Bxtgee.[ The link was set to logit; and the correlation to exchangeable. The sample size for longitudinal data analysis was 962 women who had information on all variables that were not time dependent and information on all annually assessed covariates for at least 1 year. at menopause. The percentage of women with moderate or severe trouble sleeping increased from 37.6% at age 48 years to 48.2% at age 54 years. Table 2 displays the age-adjusted odds ratios for risk factors and the separate outcomes of moderate and severe sleep trouble. Increasing age was a risk factor for both outcomes. In the age-adjusted models, vasomotor symptoms, somatic symptoms, waking to use the toilet .89 pre-pre, remained premenopausal; pre-peri, became perimenopausal; pre/ peri-post, from premenopausal or perimenopausal to postmenopausal; periperi, remained perimenopausal; post-post, remained postmenopausal; pre/ peri-HT, initiation of HT while premenopausal or perimenopausal; HT-HT, used HT for at least 1 year; pre/peri/hyst-hyst, premenopausal or perimenopausal and then had hysterectomy with or without bilateral oophorectomy or had hysterectomy with or without bilateral oophorectomy for at least 1 year and not using HT; HT, hormone therapy. at night, psychological symptoms, work-related stress, familyrelated stress, symptoms of depression and anxiety, number of physical conditions, history of trouble sleeping, and use of prescription medication were related both to moderate and severe trouble sleeping. Ever smoking was also related to severe trouble sleeping. Further multivariate analyses adjusted for these covariates.
The following menopausal transition groups had increased odds of moderate self-reported sleep difficulty, compared with women who remained premenopausal (pre-pre), even after adjusting for age: remaining perimenopausal (peri-peri), transition from premenopausal or perimenopausal to postmenopausal (pre/peri-post), initiation of HT before postmenopause (pre/peri-HT), and hysterectomy (pre/peri/hyst-hyst; Table 3 , model 1). After adjusting for current symptoms in the vasomotor, somatic, and psychological domains and waking at night to use the toilet, only women who had a hysterectomy (pre/peri/hyst-hyst) remained at increased risk for moderate self-reported sleep difficulty (Table 3 , model 2). The relationship between hysterectomy (pre/peri/hyst-hyst) and increased odds of experiencing moderate self-reported trouble sleeping persisted with adjustments for life stress, parity, physical and psychological health conditions, and history of sleep status at age 43 years and use of prescription medications at age 43 years (Table 3, model 3) .
All menopausal transition groups had increased odds of self-reported severe sleep difficulty compared with women who remained premenopausal (pre-pre), even after adjusting Adjusted for age; current vasomotor, somatic, and psychological symptoms; and waking to use the toilet at night, which were all measured annually from ages 48 to 54 years. Model 3: Adjusted for age; annual measures from ages 48 to 54 years of current vasomotor, somatic, and psychological symptoms, waking to use the toilet at night, and work-and family-related stress; and measures from age 43 years of depression and anxiety symptoms, physical conditions, history of trouble sleeping, and use of prescription medication. pre-pre, remained premenopausal; pre-peri, became perimenopausal; pre/ peri-post, from premenopausal or perimenopausal to postmenopausal; periperi, remained perimenopausal; post-post, remained postmenopausal; pre/ peri-HT, initiation of HT while premenopausal or perimenopausal; HT-HT, used HT for at least 1 year; pre/peri/hyst-hyst, premenopausal or perimenopausal and then had hysterectomy with or without bilateral oophorectomy or had hysterectomy with or without bilateral oophorectomy for at least 1 year and not using HT; HT, hormone therapy. Adjusted for age; current vasomotor, somatic, and psychological symptoms; and waking to use the toilet at night, which were all measured annually from ages 48 to 54 years. Model 3: Adjusted for age; annual measures from ages 48 to 54 years of current vasomotor, somatic, and psychological symptoms, waking to use the toilet at night, and work-and family-related stress; and measures from age 43 years of depression and anxiety symptoms, physical conditions, history of trouble sleeping, use of prescription medication, and smoking. pre-pre, remained premenopausal; pre-peri, became perimenopausal; pre/ peri-post, from premenopausal or perimenopausal to postmenopausal; periperi, remained perimenopausal; post-post, remained postmenopausal; pre/ peri-HT, initiation of HT while premenopausal or perimenopausal; HT-HT, used HT for at least 1 year; pre/peri/hyst-hyst, premenopausal or perimenopausal and then had hysterectomy with or without bilateral oophorectomy or had hysterectomy with or without bilateral oophorectomy for at least 1 year and not using HT; HT, hormone therapy. for age (Table 4 , model 1). With adjustments for current symptoms in the vasomotor, somatic, and psychological domains and waking at night to use the toilet, women who transitioned from premenopause to perimenopause (pre-peri) no longer had increased odds of severe self-reported sleep difficulty compared with women who remained premenopausal (prepre). The strength of the association between menopausal transition status and sleep difficulty was attenuated but was still statistically significant for women who remained perimenopausal (peri-peri), became postmenopausal (pre/peri-post), or initiated HT (pre/peri-HT; Table 4 , model 2). The stability of these estimates persisted with the additional adjustments for life stress, health characteristics, use of prescription medication, and smoking status at age 43 years for women who remained postmenopausal (post-post), continued using HT (HT-HT), or had a hysterectomy (pre/peri/hyst-hyst; Table 4 , model 3). There was a slight increase in the odds ratios for women who remained perimenopausal (peri-peri), transitioned to postmenopause (pre/peri-post), and initiated use of HT (pre/peri-HT).
DISCUSSION
In a birth cohort study that prospectively captured the menopausal transition from age 48 to 54 years, menopausal transition status was more strongly related to severe sleep difficulty than to moderate sleep difficulty. Adjusting for risk factors in earlier adulthood strengthened the relationships between menopausal transition status and severe self-reported sleep difficulty, indicating that some women with severe sleep difficulties during the menopausal transition have not previously experienced poorer physical and psychological health than did their peers. Women who had a hysterectomy, transitioned to postmenopause, or had initiated HT in the previous year had particularly high odds of severe self-reported sleep difficulty in the fully adjusted model. The relationship between menopausal transition status and moderate sleep difficulty was attenuated with the inclusion of current symptoms.
Previous studies have not evaluated moderate and severe sleep difficulty separately. Differences in methodology used in previous studies may explain why certain findings support our results for moderate sleep difficulty while other findings support our results for severe sleep difficulty. Some longitudinal 9, 11 studies have shown no relationship between menopausal transition status and sleep. These studies have used a continuous index outcome, which may mask differences in severe and moderate sleep problems.
If women do not experience symptom levels evenly over the possible range of sleep problems, results may reflect relationships between menopause status and the common level of sleep difficulty. Approximately, 72% of women reporting any type of sleep difficulty in the NSHD at age 51 years had moderate sleep difficulty. If this distribution of sleep difficulty was similar in other studies, then it is possible that those results are weighted toward those with moderate sleep difficulty and away from severe sleep difficulty. One study does show a low level of sleep symptoms as compared with other measured symptoms, such as hot flashes. 11 Although these two studies failed to find an association between menopause status and sleep, they did both detect strong associations between menopause status and other symptoms potentially related to sleep, such as vasomotor and depressive symptoms. 9, 11 These results suggest that menopause status may have an indirect relation to sleep through other symptoms during the menopausal transition. A cross-sectional study that measured nine outcomes of sleep found menopausal transition status to be related only to difficulty initiating sleep and sleep fragmentation. These are two aspects of sleep particularly likely to be affected by night sweats, 15 and these results support a role for other symptoms in the relationship between menopause status and sleep disturbance.
Other cross-sectional studies that used a binary outcome variable have demonstrated a relationship between menopause status and sleep difficulty. 3, 17 These findings support the severe sleep results of this study and may reflect a select group of women more likely to experience severe sleep problems. The grouping together of moderate and severe sleep difficulty in the binary outcome measure could have the same effect of weighting the results toward moderate sleep difficulty as the previously mentioned studies. However, because both of these studies were cross-sectional examinations performed early during more comprehensive longitudinal studies, women who had transitioned to postmenopause may not be representative of their peers' later experiences. For example, the cross-sectional study of the NSHD analyzed data from when the study members were aged 47 years. 17 Because the mean age at menopause is 51 years in the cohort, it is possible that women with early menopause had a worse symptom profile than did their peers who transitioned later. For example, early age at menopause is linked to increased mortality. 28, 29 Likewise, in the second cross-sectional study, nearly two thirds of women were younger than 50 years. 3 Women younger than 50 years who were at most menopause statuses other than premenopause reported a higher prevalence of sleep difficulty than did their counterparts 50 years or older. These two cross-sectional studies may have represented a group of women with more severe sleep difficulty.
One leading hypothesis concerning the mechanism underlying the increase in sleep difficulty over the menopausal transition relates to changing hormonal levels. Few studies have tested this relationship with self-reported sleep difficulty. Recent longitudinal evidence has shown that lower inhibin B levels and higher follicle-stimulating hormone (FSH) levels are associated with poor sleep quality. 9 Decreases in estradiol level have been associated with trouble falling asleep and sleep fragmentation; and increases in FSH, with sleep fragmentation. 8 However, another analysis found no relationships between levels of FSH, estrone, or testosterone and trouble sleeping. 30 In the case of women who had a hysterectomy, there is emerging evidence for a complementary hypothesis to the sudden decrease in hormones as the cause of sleep disturbance. Increased sleep difficulty among women who had a hysterectomy may be related to an underlying worse profile of health before menopause or worse health after hysterectomy, as compared with women with natural menopause. 31<34 This study is limited in its ability to measure health and characterize sleep. Some measures of health and health behaviors, such as exercise and physical health conditions, were assessed only at age 43 years and not annually from ages 48 to 54 years, when the outcomes were measured. Although we adjusted for annual measures of risk factors such as somatic, vasomotor, and psychological symptoms, it is possible this was not an adequate conceptualization of health. The extent to which these risk factors and sleep may be considered as separate versus parts of a single syndrome is not clear. 35 The survey question about self-reported sleep difficulty refers to the past year. Women may not accurately recall experiences over the past year, or their responses may be influenced by more recent experiences. These problems may also apply to the other symptoms assessed annually in a similar fashion. The survey question about the overall quality of sleep does not allow for analysis of specific characteristics of sleep trouble, such as difficulty initiating sleep or waking early. 8, 9 The NSHD did not assess objective measures of sleep that are commonly measured with actigraphy or polysomnography, such as sleep disruptions or sleep disordered breathing. Subjective and objective measures of sleep may not reflect the same processes and may be related to different risk factors. 6, 19 As with any subjective measurement, there will be differences in individuals' valuation of severity. If there is less misclassification with severe sleep difficulty, heterogeneity between moderate and no sleep disturbance may relate to the weak results for the moderate group. However, self-assessed report remains an important dimension of health, as one's own perception of health may prompt the decision to seek medical help. 21 Several unique characteristics of this analysis contribute to the value of this study. The incorporation of risk factors from earlier adult life accounts for health characteristics and propensity for sleep difficulty that existed before the menopausal transition. The menopausal transition status used included women who initiated HT before the final menstrual period, thus including a broader population than that of some other studies. 9 Because women in the study are of the same age, relationships with sleep difficulty cannot be attributed to age distribution or cohort differences.
CONCLUSIONS
Menopausal transition status was related to trouble sleeping, as indicated through self-report. The relationship between menopausal transition status and sleep difficulty was weaker for moderate sleep difficulty than for severe sleep difficulty. Treatment of psychological, vasomotor, and somatic symptoms may contribute to improved sleep during the menopausal transition for those with moderate sleep symptoms. However, because of possible differences in interpretations regarding what level of sleep difficulty constitutes moderate difficulty, further information is needed to determine whether treatment of these symptoms or another strategy is most appropriate. Women may require additional attention from health professionals for sleep problems around the time of transition to postmenopause or hysterectomy. For women who report severe sleep difficulty, the relationships remained with adjustment by potential mediators and confounders, suggesting that the relationship is not due to longer term trends in health or from other concurrent correlates of sleep. Some women experienced severe sleep problems for the first time during the menopausal transition and continued to have difficulty in postmenopause. Therefore, the menopausal transition may present an important public health opportunity for women to learn management of severe sleep disturbance. As the women in the NSHD continue to age, it will be possible to examine if there are relationships between sleep difficulty during the menopausal transition and this symptom in later postmenopause as well as other health outcomes.
